Sources and manufacturers
a. American Bioresearch, Sevierville, TN. b. Chemicon, Temecula, CA. c. American Type Culture Collection, Manassas, VA.
Mycoplasma hyopneumoniae (Mhyo) causes mycoplasmal pneumonia or porcine enzootic pneumonia, an economically important disease in the swine industry. 6 Mycoplasmal pneumonia is a chronic disease with high morbidity and low mortality. In mixed infection with other respiratory pathogens such as bacterial species, including Pasteurella multocida, Actinobacillus pleuropneumoniae, Haemophilus parasuis, or with viruses including porcine reproductive and respiratory syndrome virus, Mhyo induces more severe pneumo-From the Veterinary Diagnostic Laboratory, Department of Veterinary Diagnostic and Production Animal Medicine (Ameri-Mahabadi and Zhou) nia than when alone. 7 Direct contact with carrier animals is the prominent transmission route, and Mhyo can also be transmitted from sows to piglets. It has been suggested that 25% of pigs have antibodies against Mhyo at age of 10-12 weeks, and approximately 90% of pigs at time of slaughter are serologically positive. 11 Pigs of all ages are affected by mycoplasmal pneumonia, and infected animals usually show first signs of the disease between 3 and 10 weeks of age. The major clinical sign of Mhyo infection is coughing but it may not be observed in all affected pigs. 10 Several diagnostic methods have been developed for the detection of Mhyo infections on the basis of whole cell extract, membrane preparations, or gene fragments. Most of these methods are not specific because of cross-reactivity between Mhyo and the closely related swine mycoplasmas, M. flocculare and M. hyorhinis 8 and have limited sensitivity or involve compli- 6 and performed according to the manufacturer's instruction. Briefly, 100 l of 1:40 diluted individual sample was added into the Mhyo antigen-coated ELISA plates. After incubation of the sample in the coated well and washing out any unbound material from the wells, goat anti-swine IgG conjugate was added to detect the bound antibodies. Test results were determined on the basis of the sample-positive (S/P) ratio: positive ϭ S/P Ͼ 0.4, negative ϭ S/P Ͻ 0.3, and suspect ϭ S/P from 0.3 to 0.4. Although the sensitivity of the I-ELISA was considered high, the specificity of the assay was low. 6 The B-ELISA, which is a monoclonal antibodybased ELISA was developed based on the method described by Feld et al. 5 using a monoclonal antibody specific to the 74-kD protein of Mhyo. At a cutoff value of 50% blocking, 100% sensitivity and specificity have been reported for the B-ELISA. 7 According to the manufacturer's instruction, 100 l of 1:10 diluted individual swine serum sample was added into the antigen-precoated ELISA plate and incubated for 30 minutes. After the incubation and washing steps, the monoclonal antibody conjugated with peroxidase was added to the wells. After another incubation step, any unbound conjugate was washed out. The substrate solution was added and after 15 minutes for color development, the reaction was stopped. The test results were generated on the basis of the optical density (OD) values: positive ϭ OD Ͻ 50% of buffer control OD and negative ϭ OD Ն 50% of buffer control OD.
The objective of this study was to compare these 2 commercial ELISAs by testing serum anti-Mhyo antibodies from vaccinated pigs and field samples. A panel of 347 sequential swine serum samples was collected from 70 pigs immunized with the Mhyo vaccine, c containing chemically inactivated whole cell culture of Mhyo coupled with Amphigen oil adjuvant, and 50 of negative control sera from 10 nonvaccinated pigs. Commercial pigs at age of 4-to 5-weeks old were tested for the negative of anti-Mhyo antibodies 2 weeks before the experiment. Pigs in the control group and experimental groups were kept in 1 room, but in the separated pans, in a Biosafety Level II animal holding facility. The serum samples were collected at 0, 13, 28, 43, and 62 days postimmunization (DPI). Two pigs from the vaccinated group were euthanized prematurely at 28 and 43 DPI, respectively, because of degenerative joint disease of the humeroradioulnar joints. The second panel of 1,013 sera was from field samples that were submitted to the Veterinary Diagnostic Laboratory, Iowa State University. d Results generated from experimental samples showed that 70 samples from 0 DPI and 49 of 50 negative control samples were negative by both ELISAs (Table 1) , which generated the specificity of 99.2% ( Table 2) . One negative control sample from DPI 28 tested positive by both ELISAs. This positive reaction was not because of accidental infection or vaccination because the samples from other DPIs in the same animal were negative by the ELISAs (Table  1) . One possible reason for this false-positive reaction was the contamination of the sample. From the samples collected at DPI 13, 28, 43, and 62, the I-ELISA detected 0 of 70, 67 of 70, 61 of 69, and 63 of 68 samples, respectively, whereas the B-ELISA detected 0 of 70, 69 of 70, 69 of 69, and 66 of 68 samples, respectively ( Table 1 ). The sensitivities generated from these samples collected at different DPIs were 0%, 95.7%, 88.4%, and 92.6% by I-ELISA and 0%, 98%, 100%, and 97% by B-ELISA (Table 2 ). Chittick et al. reported in their study the similar specificity (99%) for I-ELISA and B-ELISA but lower sensitivity for B-ELISA than for I-ELISA by testing field challenge exposure. 3 In a separate study, Erlandson et al. 4 reported the B-ELISA had higher sensitivity than I-ELISA by testing samples from vaccinated and challenged pigs. Two ELISAs were further compared by testing 1,013 field samples. As shown in Table 3 , of 462 B-ELISA-positive samples tested, 373 were positive by I-ELISA. In contrast, of 551 B-ELISA-negative samples tested, 440 were negative by I-ELISA. This comparison generated an overall agreement of 80.3% between these 2 assays which is similar to that reported by Chittick et al. 3 They found 78.4-84.7% agreement between those tests using field samples.
A Western blot immunoassay (WBI) was used to confirm the discrepant results from the ELISAs. The WBI was performed according to the procedure described elsewhere. 12 Briefly, protein preparation (10 g/lane) of whole cell antigens from Mhyo was separated using 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The separated proteins were transferred on to polyvinylidene difluoride (PVDF) membrane. e The PVDF membrane was blocked with 1% (wt/vol) bovine serum albumin (BSA) in phosphate-buffered saline (PBS; pH 7.2) containing 0.05% Tween-20 (PBS-T). The membrane was then allowed to interact with individual serum samples diluted 1:40 in PBS-T containing 1% BSA. The conjugate was the goat anti-swine IgG (HϩL)-horse radish peroxidase f and the substrate was 3,3Ј-diaminobenzidine tetra hydrochloride liquid substrate system. g The WBI could detect at least 5 antigen bands at 130, 100, 74, 70, and 30 kD with a positive control serum sample (Table 4) . A negative control serum did not react with these an-tigen bands. The monoclonal antibody used in the B-ELISA kit was also used as a positive control, which detected the antigen with the molecular weight of 74 kD.
Discrepancies between the B-ELISA and I-ELISA were observed frequently in routine diagnostic testing of swine serum samples against Mhyo. We found from the experimental samples that 2 were I-ELISA positive and B-ELISA negative and 15 were B-ELISA positive and I-ELISA negative. The 15 samples that were B-ELISA positive reacted with all 5 antigen bands, and 2 samples that were I-ELISA positive did not react with the 70-or 74-kD antigens but reacted with other 3 antigen bands. The specificity of the WBI was further confirmed by demonstrating that the antibodies, which reacted with 5 Mhyo antigens bands, did not react with antigens prepared from M. hyorhinis or M. hyosynoviae (data not shown). The WBI confirmed that 17 discrepant samples were all positive by reacting with at least 3 antigen bands (Table 4 ). Such an approach has been reported for the serodiagnosis of Mhyo using recombinant proteins. 9 The results of this study suggest that a series of proteins of Mhyo whole cell extract appear to be potentially useful components for diagnosis purposes, particularly proteins with molecular weight of 130, 100, 74, 70, and 30 kD.
In susceptible pigs exposed to Mhyo, the antibodies can be detected starting at 3 weeks and peaked about 5-7 weeks later as reported by Bereiter et al. 2 Our study on the vaccinated pigs showed that nearly all pigs produced the detectable ELISA antibodies against
